The microwave absorption spectrum of carbonyl selenide, OCSe, is reported. The expected linear structure is confirmed. The spectrum includes absorptions due to various isotopic forms of the molecule in the zero-point vibrational state and the first excited symmetrical stretching and. bending vibrational states. From these data vibration-rotation interaction coefficients, mass differences and approximate interatomic distances have been determined. Values for the nuclear spins of the ix stable selenium isotopes are suggested. Observations of the Stark effect lead to a determination of the dipole moment of the molecule in several vibrational states. Intensity measurements are used to determine vibrational frequencies and relative isotopic abundance.
THE MICROWAVE SPECTRUIt OF CAP3OIIYL SELEINIDE
Introduction
We have previously reported measurement of the microwave absorption spectrum of carbonyl sulfide, OCS 1 (hereafter referred to as Ref. 1 ).
An obvious extension of the measurements would be the observation of the absorption spectrum of OCSe and OCTe to complete the chemically available members of the OCX series, where X is a 3P 2 atom from the VIb group of the periodic table. We have observed the spectrum of OCSe and the results of these measurements are reported in this paper.
Carbonyl selenide, OCSe, as expected, is .a linear molecule. Its preparation and chemical properties have been reported in the literature 2 . No spectroscopic data, neither vibrational nor rotational were available at the beginning of this work. There are many isotopic forms of the molecule, since, beside the oxygen and carbon isotopes (16, 018 C 1 2 , C 13 ), there are six stable selenium atoms. These selenium atoms have mass numbers 82, 80, 78, 77, 76, and 74. Some packing-fraction data for these atoms are available from the work of Aston, 3 and the nuclear spins of Se 7 8 and Se 8 0 are tabulated by Herzberg 4 as zero.
Eerimental
The sample of OCSe was prepared by passing CO over Se at approximately 5000C. 2 In setting up the microwave apparatus for a preliminary search, the J = 2-*3 transition was calculated to be in the 1.25-cm region by using the known 0-C resonant bond distance as determined in OCS, and an estimated C-Se resonant bond distance based on published single and double bond radii for selenium. 5 The sweep spectroscope and frequency standard described in Ref. 1 were used in measuring the absorption frequencies. The signal generators for the J = 2-*3 were reflex klystrons; for the J = 5-6 and the J = 6-*7 absorption transitions were measured with the second harmonic porer generated in silicon crystals driven by standard klystrons.
Interpretation
As in OCS, absorptions occur for each isotopic form of the molecule, in each vibrational state. In the usual notation the absorption frequencies are given as:
where J is the total angular momentun quantum number. vibrational state v, in cm .
The vibrational reciprocal moment is more usually represented as: Table I . These data may be used to deduce the term-value parameters as listed in Table II .
Some approximations must now be made to deduce molecularstructure parameters from their term-value parameters. The internuclear distances must be calculated on a rigid rotor basis since a 3 cannot be determined with the present data, and cannot be calculated since the Since Se has no pure triple-bond structure, we have estimated a triplebond radius by extrapolating from the Se single-and double-bond distances, being guided by the variation of the bond lengths in 0 and S. This triple-bond length 1.63A was used to calculate the expected CSe resonant bond length. It is interesting to note that, though the 0C distance is fitted well with a resonant bond structure, the CSe distance is best approximated with a pure double-bond length, 1.72A.
Since there is an uncertainty in the selenium packing fractions, we have investigated the problem of determining the mass of the selenium isotopes from spectroscopic data. The solution of the problem is rather simple theoretically. If the equilibrium reciprocal moments for, say, 016C12Se 8 0
13Se80
, and ol8C 1 2 Se 80 are known, the selenium mass and the two internuclear distances may be determined from the three absorption equations. If the reciprocal moments are known to two parts in 106 the selenium packing fraction may be determined to 10 per cent. It should be noted that the equilibrium reciprocal moments must be used, so all three ai for the three isotopic molecules must be determined. This would be difficult to do directly from In this notation I e and m refer to an equilibrium moment of inertia and mass; the superscript refers to the isotopic molecule, i.e. the original molecule, (0), or the one with the end atom, number 3, isotopically substituted,(e), or the one with the central atom changed, (c).
Since we assume that the vibration potential is not changed by isotopic substitutions, we may say that the equilibrium distances, i.e., the potential minima, will remain unvaried by isotopic substitutions. It can be seen, therefore, that if a series of isotopes (1,2,3,4 .....) are substituted for an end or a central atom all must have the same 8ts or: It should be noted, as Townes has indicated, that the equilibrium moment of inertia must be used. The equilibrium values are not available at present, but the zero-point vibrational values may be used with some caution. In Ref. 1 we have shown that a ratio of vibrational moments of inertia is exact to zero order, and experience with OCS has shown that in fact such a ratio is good to better than .1 per cent. For the present we car say no more until the change of M 3 with selenium mass is determined. Because it is interesting in any case, mass differences have been calculated by using ground vibrational 76 82 data and by assuming the mass values given above for Se 7 6 and Se
The results given in Table III We have noted no anomalies in the absorption due to the isotopic forms of OCSe, either in position or intensity or line breadth.
Ve must, therefore, conclude that the quadrupole interaction energy, i.e., eqQ in the usual notation 7 , is less than .5 Mc/sec. Since the selenium atom is an end atom and has a very large nucleus, one would expect the interaction energy to be considerably greater than . showrn in Ref.
1, these data also may be used to determine the static dipole moment. These derived data are given in Table IV. Measurements   TABLE IV The strong dependence of the static dipole moment on the vibrational state is of interest for many reasons. It is obvious that this effect places a limitation on the significance of dipole moments measured in the bulk, e.g., the Debye temperature-dependent polariza- 
a quantity measuring the mixing of two vibrational states, 1 and 2, due to the dipole moment. When the vibrational potential of OCSe is known, a connection could be made between the measured dipole moments and the desired vibrational absorption intensity by a calculation of the effective charge from (6), which may then be used to evaluate allows one to solve for the four quadratic force constants. The six cubic force constants may be determined from the ai and the change of the ai with isotonic substitutions. We have not carried out these calculations since, at present, we lack the values of a and its variation rwith isotopic substitution.
In this way it is at least theoretically possible to determine the vibration potential to cubic terms.
Although we have the vibration frequencies as determined from infrared studies by Lord and McDonald, it is interesting to note that these frequencies could be measured from rotational absorption studies alone. The procedure is straightfonrard. It is known that the absorption coefficient, y, of a gas depends upon the number of absorbing molecules, N, and the square of the static dipole moment 1L. The 2 per cent error is large and corresponds to an error of about -12-i 5 per cent in measuring the absorption ratio. These measurements could be further refined to yield more precise vibration frequency data.
Large ratios of intensity are best for precise determination of the vibration frequency since the fractional error is given by dw = dT + dR w T RlnR where 2 h000 (P 01 0 \ o'010 \1000
T is temperature in OK, w is a vibration frequency.
The greater the ratio R is, the less ill be the error contributed by the absorption measurements.
If the measurements are performed on the v = 1 and v 3 = 1 states also, one can indeed, by the method described above, determine the vibration potential to cubic terms from rotational-absorption measurements alone.
As a check on our ability to measure absorption ratios, we have measured the ratio of the rotational absorption for the ground vibrational state of the molecules OCSe 
